The extragalactic microlensing scenario for natural wormholes is examined. It is shown that the main features of wormhole lensing events upon the light of distant Active Galactic Nuclei (AGNs) are similar to some types of already observed Gamma Ray Bursts (GRBs). Using recent satellite data on GRBs, an upper limit to the negative matter density under the form of wormhole-like objects is presented. (s): 98.62. Sb, 04.20. Gz 
I. INTRODUCTION
Ten years after the classical paper by Morris and Thorne [1] , there is no observational evidence supporting the existence of natural wormholes [2] . As far as we are aware, the first observational proposal to search for natural wormholes or similar gravitational negative anomalous compact objects was presented by Cramer et al. [3] . They suggested that gravitational microlensing effects of these objects upon the light of background stars could produce MACHO 1 -like events [4] , although with different (asymmetric) temporal profiles.
The analysis of the results of several ongoing microlensing monitoring programs seems to
show that wormhole-like objects are not present in the dark halo of our galaxy.
In this brief report we shall study the microlensing scenario for an extragalactic natural wormhole acting upon light coming from a source at a cosmological distance, namely an Active Galactic Nucleus (AGN) [5] . It will be shown that such anomalous microlensing event would produce light curves very similar to some already observed Gamma Ray Bursts (GRBs) [6] . The isotropic distribution of GRBs strongly suggests an extragalactic origin which has been recently confirmed by the direct measurement of high-redshifted absorption lines of the optical counterpart of the GRB 970508 [7] . If the sources are so far, the energy necessary to produce the observed events by an intrinsic mechanism is astonishing: about 10 51 erg of gamma rays must be released in less than 1 second [8] . The wide variety of burst profiles, some statistical evidence for GRB repetition and some spectral properties remain unexplained by an unique, consistent model. There is such a large variety of individual events that any model proposed to date must face a large number of counter-examples.
These facts are suggesting, perhaps, that the origin of such a complex phenomenon might have more than one explanation.
Ten years ago McBreen and Metcalfe [9] proposed that GRBs could be due to microlensing of background AGNs. At that time there was no direct observational evidence on the 1 MACHO: massive compact halo object.
fact that most AGNs were gamma ray emitters, now a well established fact. However, their model was ruled out due to the fact that most of GRBs are time-asymmetric, which is incompatible with microlensing by ordinary matter.
We shall discuss now the speculative idea that at least some of the GRBs might be caused by microlensing extragalactic phenomena provided by "struts" of an exotic material. When speaking of negative matter, we shall be thinking in this ingredient as always threading a wormhole. Although this can be relaxed for the development and analysis of the idea, we shall do so just because it can provide useful numerical estimates and pretty theoretical framework.
II. MICROLENSING BY EXTRAGALACTIC WORMHOLES
Let us first consider some concepts of gravitational lensing by negative masses. The assumed geometry is that of an extragalactic wormhole of negative mass −M crossing with velocity V the line of sight with some distant AGN. We shall follow the presentation given lense, lens-source and observer-source angular diameter distances, all them computed as in [10] . The variability timescale T of a microlensing event is defined as the time that takes the line of sight to the source to cross the Einstein radius of the lens: T = R e /V . The overall relative intensity I neg is the modulation in brightness of the background source detected by the observer. This is given by [3] ,
where
Here, B 0 is a dimensionless impact parameter and t v is the transit time across the distance of the minimum impact parameter, t v ∝ T . Taking I neg = 0 for |B| < 2, it is possible to obtain the light enhancement profile for a negative amount of mass M. These curves, see Fig. 3 of Ref. [3] , can be divided in two groups. For B 0 > 2, the light profiles are similar to the positive mass cases but provide bigger light enhancement than that given by a similar amount of positive mass. For B 0 < 2, curves are sharper and present divergences (caustics) of the intensity with an inmediate drop to zero. This happens for two given times, solutions of B 2 − 4 = 0; thus, for time running from −∞ to +∞, and during the same microlensing event, we obtain two divergences and two drops, of specular character. This is seen by the observer as two bursting events separated by a time ∼ T .
Unlike the B 0 > 2 case, these individual bursts present light profiles asymmetric under time reversal.
A critical requirement for such a microlensing event to occur is that the size of the background source projected onto the lens plane must not be larger than the Einstein ring of the lensing mass [11] . Otherwise, light from outside the Einstein ring would smooth out the gravitationally induced variability. Background sources whose scale size is a fraction of the Einstein radius are then amplified by significant factors, while sources whose projected sizes largely exceed the Einstein radius are negligiblely amplified. Since AGNs have emission regions of different scales for different radiation wavelengths, the spectrum of an observed microlensing event will depend on the mass of the lens as well as on the involved redshifts.
Finally, it is important to note that a point source is amplified by an infinite amount at a caustic crossing, but any physical extent leads to finite amplifications [12] .
To get a feeling of the involved magnitudes in a microlensing event of this kind let us take a concrete example. We shall focus on the model with H 0 = 100 km s −1 Mpc −1 , Ω 0 = 1 and a traversal velocity for the extragalactic lens equal to 1000 km s
we find, Replacing R e we get a constraint over the mass of the possible lenses,
Considering that the typical size of the gamma-spheres in AGNs for energies of ∼ 1 GeV is x ∼ 10 −3 parsecs [13] , we find in the case of the redshifts quoted in Table 1 that |M| ≥ 1.27 × 10 −3 M ⊙ , and thus one should expect that burst repetition due to the crossing of the two different caustics in a single event should take several months, even for substellar wormhole masses. These stellar and substellar masses are attainable with a simple wormhole configuration, namely the absurdly benign wormhole [1] . For such a case, we obtain
, where b 0 is the throat radius, and a 0 is the cut-off in the energy density as explained in [1] . The numerical factor arises by using units of solar masses while the radius is given in km [14] .
At this stage, it would be worth getting an estimate of the upper limit to the amount of negative mass that could exist in the universe. We shall assume that this negative matter is under the form of wormhole-like compact objects, and we shall estimate the optical depth considering that every GRB detected by the Burst and Transient Source Experiment (BATSE) was caused by them. This will provide a consistent upper limit on the possible number of isolated wormholes in the universe. Wormholes linked to galactic halos are not taken into account in this calculation and should, instead, be treated in the way described by Cramer et al. in Ref [3] .
The optical depth to microlensing can be defined as the fraction of solid angle covered with Einstein rings of the lensing objects [15] . If it is smaller than unity (which is certainly the case when wormholes are considered as lenses) it provides a measure of the probablity of microlensing. The total optical depth due to all lenses placed between the background source and the observer is given by,
where ρ stands for the mass density distribution of negative matter under the form of wormholes and x ≡ D ol /D os . Clearly, the value of τ depends on the model adopted for the distribution of lensing matter along the line of sight towards the distant sources. For simplicity, we shall adopt here a constant density. Then,
|ρ| is expected to be extremely small, otherwise cosmological effects concerning a wormholefilled universe should be noticeable. Then, the probability of detecting a microlensing event onto a given background source is almost negligible. Fortunately, the number of background AGNs seems to be huge: about ten percent of the objects detected in the Hubble Deep Field images are of this class [16] . This makes the total number of potential background sources for microlensing by wormholes as high as 10 9 . The number of events observed in a lapse ∆T is N = 2nτ ∆t/πT , with n the total number of background AGNs and T a typical timescale for microlensing [15] . Then, using both previous formulae in favor of |ρ|, we get
In (6) we have quantites of two different kinds. Most of the magnitudes involved are related to observation. We have in this group the already mentioned number of background sources and the observed number of BATSE triggers, N = 1121 during ∆t = 3 years of operation.
The angular diameter distance of the source is also fixed because cosmological distribution of AGNs seems to peak somewhere between z s = 2 and z s = 3, and so we can adopt an intermediate value of z s = 2.5. On the other hand, we have one model-dependent magnitude, the variablity timescale of the problem, T . As T ≃ R e /V , we note that both, the mass and the velocity of the lens, are degrees of freedom of (6). As we do want to have an upper bound on |ρ| we shall choose a conservative extragalactic velocity of 1000 km s −1 .
Concerning the mass, as we shall see in the next section, a mass of −0.1M ⊙ seems to be appropriate to fit at least a concrete BATSE trigger. In the absence of any other clue respect to possible masses of natural wormholes we adopt this value. With these figures, we obtain, |ρ| ≤ 2.03 × 10 −33 g cm −3 .
How upper is this upper limit? Firstly, we do not expect every BATSE trigger to be caused by a wormhole lensing effect. We could use the 5% of possible repeating sources [17] as the number of observed events, and then lower about two orders of magnitude in |ρ|. We note also that greater traversal velocity, very likely in the extragalactic medium, could also reduce an order of magnitude or so the quoted number. Finally, smaller, but also reducing effects, are larger cosmological distances to the source, smaller substellar values for the lens masses and the fact that one wormhole should produce two GRBs of the sample.
We conclude then that the value of |ρ| must be considered as a large upper bound on the possible amount of negative matter in the universe. It is clear, consequently, that this amount is too small indeed to produce significant cosmological consequences (we recall that a lower limit for the mass contribution due to galaxies in the universe is 6 × 10 −31 g cm −3 and the critical density is of order 1.9 × 10 −29 g cm −3 ).
III. FINAL DISCUSSION: A LENSING CANDIDATE
We shall discuss now some particular GRB-like events already detected by BATSE from the point of view of wormhole microlensing. Fig. 1 shows BATSE trigger # 257 (GRB 910602 [18] ) which was detected a couple of months after the start of the space mission. It is a typical, single-profile, clearly asymmetric GRB. Its duration was ∼ 80 s, with a peak flux of ∼ 1.7 photons cm −2 s −1 . This kind of event could be produced by a single wormhole microlensing occurrence with dimensionless impact parameter B 0 < 2. In the figure we have superimposed to the observational light curve, a theoretical microlensing curve. The timescale of the microlensing event is T ∼ 3.2 years. Since the event asymmetry corresponds to a second-caustic crossing, a similar event with opposite asymmetry, corresponding to first-caustic passing, should have occurred in April 1988, three years before CGRO launching.
Assuming the set of redshifts and velocity mentioned in Table 1 , we find that a wormhole of mass M ∼ −0.146M ⊙ might have been responsible for the event.
Complete corroboration of individual burst repetition is, unfortunately, not possible within the present state-of-the-art of satellite measurements, due to the large, typically ∼ 4
• error boxes. GRBs with different asymmetry, in the sense that the time-profile rises in larger time than it decays, have been also observed (e.g. GRB 910902 [18] ). Nevertheless, we note that the statistical analyses over the entire GRB sample show that there are significantly more bursts where the rise is more rapid than the decay [19] . This clearly means that microlensing by wormholes cannot be the only physical mechanism behind the GRB phenomenon. Since fireballs naturally account for short rising times they are still the best candidate for explaining most events.
Very complex events, with many different peaks and shorter rising than decaying times, however, might find a place within the microlensing scenario whereas they can be hardly reconcilied with the fireball paradigm. This could be the case if binary-like or more complex associations of positive and negative mater are possible. However, we do not know how such wormhole binary systems can be sustained, being both masses generating repelling fields [20] .
The GRB-averaged high energy spectrum is remarkably similar to a typical AGN spectrum. Moreover, the total duration of some extremely large events, including the detection of very high energy photons at the end, could be exactly what one would expect from microlensing: since the most energetic gamma-spheres in the sources are the bigger ones, their crossing time must be larger. In other cases, like GRB 970111, no X-ray or optical emission have been detected despite the bursts were well in the field of view of very sensitive instruments like Beppo-SAX satellite. This fact can be a straightforward consequence of the larger sizes of the corresponding emitting regions when compared with the inner gamma-spheres of the background AGNs.
Summing up, we think that main GRB-phenomenology of some of the observed BATSE triggers is compatible with an interpretation based on gravitational microlensing by natural wormholes. Since extragalactic wormholes, if they exist, must produce observable microlensing effects upon the light of background AGNs, we have used observational evidence on GRBs to determine an upper limit for the amount of these objects in the universe. We take this upper limit as much larger than the possible real value, but it is enough to see that negative matter hardly would have any influence in cosmology. An unusual feature of the here outlined scenario is that, while GRB repetition has previously been seen as a strong evidence for noncosmological origin in the past, our microlensing model accepts it warmly:
sources are cosmological and repetitions arises for two caustic crossings. It should be mentioned that within the present framework, not only some bursting events must repeat, but also they should do so with temporal profiles of specular character. This makes the model highly testeable and falsibiable. We expect that with the improvement of the observational techniques and the increase of the GRB sample, more exact limits will be available.
Whether the laws of physics, in some deep realization, forbide the violations of the energy conditions in the large amount needed to have stellar-sizes compact objects of negative matter, is something not clear yet. But then, if the universe does admit wormholes geometries in it, it is certainly very likely that some of the GRBs may be caused by microlensing, being this the main conclusion of this work. As an inmediate spinoff, the absence of bursts in a long-standing, perhaps not already obtained sample, which could be associated with wormhole-induced lensing, could be understood as a hard constrain to the existence of anomalous compact objects in the universe. To know whether this is the case remains as an open question and we would suggest to keep some attention on it over the next few years. 
